Many bacteria are involved in the fermentation of doenjang, and Bacillus species are known to perform significant roles. Although SDS-PAGE has been frequently used to classify and identify bacteria in various samples, the microbial diversity in doenjang has not yet been investigated. This study aims to determine the identity and distribution of dominant Bacillus species in doenjang using SDS-PAGE profiles of whole-cell proteins and 16S rRNA gene sequencing. Reference Bacillus strains yielded differential SDS-PAGE banding patterns that could be considered to be highly specific fingerprints. Grouping of bacterial strains isolated from doenjang samples by whole-cell protein patterns was confirmed by analysis of their 16S rRNA gene sequences. B. subtilis was found to be the most dominant strain in most of the samples, whereas B. licheniformis and B. amyloliquefaciens were less frequently found but were also detected in several samples. The results obtained in this study show that a combined identification method using SDS-PAGE profiles of whole-cell proteins and subsequent 16S rRNA gene sequence analysis could successfully identify Bacillus species isolated from doenjang.
Fermentation of doenjang, a traditional Korean fermented soybean paste, is carried out by various microorganisms. It is produced from meju and includes natural bacterial strains such as Bacillus species and molds of Aspergillus, Mucor, and Rhizopus species [10] . Many researchers have reported that B. subtilis and B. licheniformis are the dominant organisms in doenjang and that they play important roles during fermentation [5, 9, 14, 17, 18] . Identification of bacterial flora by phenotypic methods has been used in the majority of previous studies, but it is regarded as timeconsuming and limited in terms of both its discriminatory ability and accuracy. The genus Bacillus includes a variety of phenotypically heterogeneous species exhibiting a wide range of nutritional requirements, physiological and metabolic diversities, and DNA base compositions. To date, partial 16S rRNA gene sequences and rRNA gene restriction patterns have been used for the rapid identification and classification of Bacillus species and related genera [16] . Recently, identification of the bacterial flora involved in doenjang fermentation based on 16S rRNA gene sequences has proven to be a useful strategy [1] . However, some molecular methods become laborious when a large number of samples require screening. Whole-cell protein pattern analysis by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) offers certain advantages: it is a fairly fast and easy method of identifying a large number of strains when performed under highly standardized conditions, and it has an adequate level of taxonomic resolution at the species and subspecies levels.
SDS-PAGE protein pattern analysis has been successfully used to identify various types of bacteria, including Listeria species [11] and lactic acid bacteria, and to solve problems in the identification of closely related species in the genera Lactobacillus and Leuconostoc [4, 6, 8, 12, 13] . However, the usefulness of this method for the identification of Bacillus species isolated from doenjang has not yet been assessed. In this paper, we screened and identified Bacillus species in doenjang using SDS-PAGE of whole-cell proteins and 16S rRNA gene sequencing.
Reference Bacillus strains were obtained from the Korean Collection for Type Cultures (KCTC; Daejeon, Korea) and the American Type Culture Collection (ATCC, Manassas, VA, U.S.A.) (Fig. 1) . These organisms were cultured in LB broth (Difco, Detroit, MI, U.S.A.) at 30 o C for 18 h. Six doenjang samples were obtained from several households and local markets in Korea. To obtain bacterial isolates, each sample was suspended and diluted in sterilized water and then spread onto the surface of an LB agar plate. The plates were incubated under aerobic *Corresponding author Phone: +82-31-201-2660; Fax: +82-31-204-8116; E-mail: hykim@khu.ac.kr conditions for 1-2 days at 30 o C to allow for colony development. Colonies obtained from appropriately diluted samples were randomly selected. The morphologies of the colonies and cells of the isolates were observed under a light microscope at 1,000 × magnification after Gramstaining for preliminary identification. SDS-PAGE of whole-cell proteins was carried out as described by Kim et al. [8] . Strains were incubated aerobically overnight at 30 o C in 5 ml of LB broth and centrifuged at 12,000 ×g for 3 min at 4 o C. Each sample pellet was washed twice with deionized water and suspended in 50 µl of 50 mM TrisHCl buffer (pH 8.0). Fifty mg of glass beads (diameter, 425 to 600 µm; Sigma, St. Louis, MO, U.S.A.) was added to the tubes, and the bacteria were vortexed for 5 min. The sample pellet was then resuspended by adding an equal volume of sample buffer [2× SDS sample buffer: 25 ml of 4× Tris-HCl/SDS (pH 6.8), 20 ml of glycerol, 4 g of SDS, 2 ml of 2-mercaptoethanol, 1 mg of bromophenol blue, and water to bring the volume to 100 ml]. For protein denaturation, samples were heated for 5 min at 95 o C. The cell debris was settled by centrifugation, and the supernatant was collected for analysis on a 12% SDS-polyacrylamide vertical slab gel. After electrophoresis, the gel was stained for 2 h with 0.05% Coomassie Brilliant Blue R-250 (BioRad Laboratories, Richmond, VA, U.S.A.) and destained with 10% acetic acid and 30% methanol solution for 2 h. The destained gels were scanned for further analysis. Cluster analysis of denaturing gradient gel electrophoresis profiles was performed with the numerical taxonomic system using a multivariate statistics program (NTSYSpc, version 2.02j; Exeter Software, Setauket, NY, U.S.A.). For each strain, a data record was constructed in which each band of particular molecular weight was represented as either being present (value 1) or not present (value 0). Jaccard's similarity coefficient was estimated using NTSYSpc software. Jaccard's coefficients are defined as a/(a+b+c), where a is the number of positive matches (i.e., bands common to two samples), and b and c refer to the number of bands present only in samples 1 and 2, respectively. Unweighted pair group method using arithmetic averages (UPGMA) clustering was performed using the SHAN option of NTSYSpc, and a dendrogram representing the relationship between all individuals tested was derived from the TREE option [15] . To prepare cells for DNA extraction, the cultivated strains were collected by centrifugation at 14,000 ×g for 5 min at 4 o C. The resulting pellet was then subjected to extraction using a Genomic DNA Prep Kit (SolGent, Daejeon, Korea). The yield and quality of DNA were analyzed electrophoretically on 1% (w/v) agarose gels. The extracted DNA was then used as a PCR template for the amplification of 16S rRNA genes with the universal primer pair 5'-AGAGTTTGATCCTGGCTCAG-3' (27F, forward) and 5'-GGCTACCTTGTTACGACTT-3' (1492R, reverse). The 16S rRNA gene was amplified by PCR with a thermal cycler (Astec PC808, Fukuoka, Japan) for 30 cycles of penetration at 95 
